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(57) Abstract 

An antibody having at least one binding site region and a domain-modified constant region is provided wherein the 
domain-modified constant region is a substitution, duplication, or deletion of substantially all of the ammo acids of at 
least one of the domains of the constant region. The functional properties of the domain-modified constant region antib- 
odies are altered to enhance the desired biological functions for a particular application. DNA sequences encoding con- 
structs expressing domain-modified constant region antibody heavy chains and cells expressing domain-modified constant 
region antibodies are also provided. 
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DOMAIN-MODIFIED CONSTANT REGION ANTIBODIES 



INTRODUCTION 

Technical Field 

The present invention relates to monoclonal 
antibodies and in particular to genetically modified 
monoclonal antibodies having domain-modified constant 
regions. 

Background of the Invention 

Naurally occurring specific binding molecules , 
such as immunoglobulins/ enzymes, and membrane proteins , 
have seen an extraordinary expansion in commercial ap- 
plications over the last decade. With the advent of 
monoclonal antibodies, the usefulness of immunoglobu- 
lins has been greatly expanded. However, in many ap- 
plications, the use of monoclonal antibodies is severe- 
ly restricted where the monoclonal antibodies are to be 
used in a biological environment. For example, mono- 
clonal antibodies produced in rodents, e.g., mice, the 
most common producer species, are immunogenic to other 
species. 

Cross-species immunogenicity is a function of 
the constant region of immunoglobulins. The constant 
region has a number of specific functions, such as com- 
plement binding, cell receptor binding control of cata- 
bolic rate, anaphylaxis, opsonization, placental and 
gut-transfer, and immune regulation, in addition to be- 
ing immunogenic. There will, therefore, be situations 
where it will be desirable to have constant regions 
which bind to cells or proteins from a particular spe- 
cies together with binding regions (variable regions) 
specific for a particular antigen. 
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Although it has generally been relatively easy 
to produce murine monoclonal antibodies of the desired 
antigen specificity, it has been much more difficult to 
produce human monoclonal antibodies with the desired 
5 constant region properties. Human monoclonals are pre- 
ferable for many applications , especially in vivo diag- 
nosis and therapy of humans. Chimeric antibodies with 
antigen specificity derived from a mouse myeloma cell 
or a hybridoma have been joined to human constant re- 

10 gions to overcome , in part/ species limitations inher- 
ent in monoclonal antibodies. Genetically engineered 
antibodies produced by transfectomas have also allowed 
investigators to change the isotype of the antibody 
that results following fusion to a normal spleen cell, 

15 usually to produce IgG antibodies. 

However, there have been obstacles encountered 
in using transfectomas to produce chimeric antibodies 
having murine variable regions and human constant re- 
gions. For example, initially-produced chimeric anti- 

20 bodies were limited to those in which the constant 
region had all of the properties of the donor human 
constant region. Enhanced or reduced properties, such 
as binding of complement, are desireable for many 
applications. 

25 Accordingly, considerable interest remains in 

preparing immunoglobulins having modified biological 
' functions while retaining the broad range of binding 
specificity available by use of variable regions from 
an easily available source. 

30 

Relevant Literature 

oi ®!l Proc. Natl. Acad. Sci. USA (1983) 

80:825-829; Morrison et al. , Proc. Natl. Acad. Sci. USA 
(1984) 81:6851-6855; Ochi et al., Proc. Natl. Acad. 
35 Sci. USA (1933) 80^,6 3 5 1-6 3 5 5j and .-Ochi £t al . , Nature 

(London) (1983) 302:340-342 describe immunoglobulin ex- 
pression in transfectomas. Neuberger et al., Nature 



(London) (1985) 314:268-270 and Bouhanne et al. , Nature 
(London) (1984) 312:&43 describe transf ectomas secret- 
ing antibodies having" mouse variable and human constant 
regions. Neuberger et al., Nature (London) (1984) 312 : 
604-608 describe the expression of antigen binding do- 
mains covalently associated with non-immunoglobulin se- 
quences. Advances in Immunology , Vol 40/ pp. 61-134 
reviews biologic activities residing in the Pc region 
of Ig. Immunoglobulin genes are disclosed and reviewed 
in numerous publications, such as Watson et al., Molec- 
ular Biology of the Gene . Vol. II, Benjamin/Cummings, 
Menlo Park, California, 4th edition, 1987, Chapter 23, 
and the publications cited therein. 

SUMMARY OF THE INVENTION 
An antibody having at least one binding site 
region and a domain-modified constant region is provi- 
ded. The domain modification is either a substitution 
of, an insertion of, or a deletion of substantially all 
of the amino acids of at least one of the domains of a 
constant region: C L , C H 1, hinge, C H 2, C H 3 or C H 4. The 
functional properties of the domain-modified constant 
region antibodies are selected to enhance the desired 
biological functions for a particular application. 
Antibody constant-region domains can be eliminated, in- 
serted, or substituted for (exchanged) by a domain of a 
different isotype or imraunoglobuin class or from the 
light chain. The substituted or inserted domain can be 
from the same antibody or from another antibody of the 
same animal, the same species of animal, or a different 
species of animal. In this way, the functional proper- 
ties of the biological molecule can be optimized for 
the desired application. 

DNA constructs encoding domain-modified con- 
stant regions, constructs encoding complete constant- 
regioift'^^efimain-modif ied antibodies, and cells expressing 
such antibodies are also provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figur 1 illustrates a cloning cassette used 
to exchange constant regions; 
5 Figure 2 illustrates a cloning cassette used 

to exchange constant region domains; 

Figure 3 illustrates a cloning cassette used 
to delete or duplicate constant region domains; 

Figure 4 illustrates a cloning cassette used 
10 to delete a carboxy terminal domain; and 

Figure 5 illustrates two variations of cloning 
cassettes used to delete an amino terminal domain. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

15 Novel methods and compositions are provided 

for production of antibodies having domain-modified 
constant regions. The present invention is concerned 
specifically with modifications of one or more domains 
of the constant region of an antibody, which can be or 

20 is attached to a binding-site or variable region of the 
original antibody from which the constant region was 
derived or to another antibody. The complete antibo- 
dies have at least one binding site region which may be 
naturally occurring in a host animal or genetically 

25 modified. Alterations of the binding site region of 

the antibodies do not constitute a part of this inven- 
tion r although such alter ed-binding-site antibodies 
will be within the scope of this invention if their 
constant regions are modified as described herein. 

30 As used herein, a domain-modif ied constant re- 

gion means that substantially all of the amino acids of 
at least one of the domains of C L , C H 1, hinge, C H 2 f C H 3 
or C H 4 in an antibody chain is either deleted, inserted 
or exchanged. By exchanged is meant that a domain from 

35 a different source is substituted for a domain initial- 
ly present in the antibody. When the modification is a 
substitution, usually the domain is substituted for by 
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the equivalent domain of an antibody of another isotype 
or class or from the light chain of the same or a dif- 
ferent antibody. Usually the insertion of a domain is 
the duplication of one or more domains of the original 
5 antibody. However, other substitutions and/or duplica- 
tions can also be carried out. 

Antibodies having a domain-modified constant 
• region can be prepared from fused genes containing a 
gene segment encoding a portion of the antibody in- 

10 volved with binding and a gene segment encoding a 

domain-modified constant region derived from the same 
or a different host animal. Two expression cassettes/ 
one encoding the heavy chain and one encoding the light 
chain, are generally involved in producing complete do- 

15 main-modified constant region antibodies, which genes 
are introduced into an appropriate eukaryotic host 
under conditions for expression and processing. When 
the genes are expressed and the antibody chains bind 
together, an assembled antibody is obtained. The anti- 

20 bodies include IgM, IgG, IgA, IgD and IgE classes as 
well as the various subclasses of the individual clas- 
ses (e.g, human IgGl through IgG4). Chain types in- 
clude for the light chain < or x and for the heavy 
chain y, y, a, 6 and e. Classification by isotype re- 

25 fers to the class and subclass, light chain type and 

subtype, and can also be applied to the variable region 
groups and subgroups. An example of an isotype desig- 
nation for a mouse immunoglobulin is IgG 2a (ic). 

The binding site or variable region will vary 

30 in conformation with the amino acid sequence providing 
the desired specificity. The variable region of the 
immunoglobulins will be derived from a convenient source, 
usually mammalian, which may be a rodent, e.g., mouse 
or rat, rabbit, or other vertebrate, mammalian or other- 

35 wise, capable of producing immunoglobulins. The vari- 
able region may be genetically modified or naturally 
occur ing. 
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The constant region of the immunoglobulin , as 
well as the J chain for IgM (not the same as the J re- 
gion of the heavy or light immunoglobulin chain) , will 
be derived from a vertebrate source the same as or dif- 
5 ferent from the source of the variable region/ particu- 
larly a mammalian source , more particularly primate or 
domestic animal, e.g., bovine, porcine, equine, canine, 
feline, or the like, and most particularly human. The 
source of the constant region can be either from the 

10 same animal or different animals of the same or differ- 
ent species as the source of the variable region. 

As is known, the constant region of an antibo- 
dy chain is specific for a species. Within each class 
there will be. a plurality of allotypes. The domain— 

15 modified constant-region portion of the antibody will 

normally be chosen in accordance with the intended uses 
of the antibody. As a first consideration where the an- 
tibody is to be introduced into a host animal for diag- 
nosis or therapy, the constant or immunogenic portion 

20 will be selected so as to minimize the immune response 
of the host. Thus frequently, the source of the con- 
stant region is human- when intended for use in humans. 

The potential application of antibody mole- 
cules are determined not only by their antigen specif i- 

25 city but also by their effector functions. Therefore, 
as a second consideration, the domain-modified antibo- 
dies are selected to optimize their ability to perform 
a particular function. For example, the domain or do- 
mains related to enhancing the half-life of the anti- 

30 bodies will be modified to provide an enhanced or shor- 
tened half -life depending on the particular application. 
Other functions that can be selectively modified in an- 
tibodies using the techniques taught herein include 
tissue distribution/ ability to fix complement, and 

35 ability to participate in antibody-dependent cellular 
cytotoxicity. 
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As a third consideration, the antibodies are 
modified to facilitate in vitro manipulations. For ex- 
ample, antibodies can be altered So that it is easier 
to add more molecules of a radioactive isotope or drug 
5 without changing the binding site specificity. If the 
antibody is to function as a drug delivery system, en- 
hancing covalent attachment of the drug in an antibody 
' that can be secreted in large quantities would be 
desirable. 

10 The modification of the constant region can be 

the deletion, insertion, or substitution of substan- 
tially all of the amino acids of at least one domain. 
"Substantially all," when referring to the amino acids 
of a domain, encompasses 100% of the amino acids being 

15 manipulated but can also refer to less than 100% of the 
amino acids, such as 80%, 85%, 90%, or 95%. Manipula- 
tion of 100% of the amino acids in a domain by use of 
restriction sites in introns is most common. A number 
of antibody functions have been localized to a domain 

20 or domains as illustrated in Table 1. See Paul, Funda- 
mental Immunology , Raven Press, New York, NY, 1984. 



Table 1 



35 



Domain(s) 


Function 


V H + V L 


Antigen binding. 


Noncovalent assembly of H and L chains. 




Noncovalent assembly of H and L chains. 


"Spacers" between antigen-binding and 




effector functions. 




Covalent assembly of H and L chains. 


C H 2 


Binding Clq (complement). 


Control of catabolic rate. 


C H 3 


Interaction with Fc-receptor on macro- 


phages and monocytes. 




Noncovalent assembly of H chains. 
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Table 1 (Cont'd) 



Domain (s) Function 



10 



15 



20 



25 



30 



35 



C H 2 + C H 3 Interaction with protein A from 
Staphylococcus aureus. 
Interaction with Fc-receptor on: 

(a) placental syncitiotrophoblast 

(b) neutrophils 

(c) cytotoxic K-cells 

(d) intestinal epithelial cells 
(neonates of certain species) 



Since the function of these domains is known, a partic- 
ular effector function can be modified by deleting or 
inserting a domain related to that function or by sub- 
stituting a domain of a different class or isotype an- 
tibody for a corresponding domain which functions less 
effectively for a desired property. 

One or more deletion can occur in preparing a 
domain-modified constant region of the invention. Mul- 
tiple deleted domains may be adjacent or non-adjacent. 
The deleted domain (s) can be the carboxy-terminal do- 
main of the constant region, one or more internal do- 
mains, or the amino-terminal domain. Domains related 
to functions not necessary for or detrimental to a par- 
ticular use can be eliminated. For example, the C H 2 
domain can be deleted when complement binding is unde- 
sirable. Deletion of non-essential domains may facili- 
tate secretion or assembly of antibody molecules. For 
example, deletion of C H 1, the proposed binding site of 
heavy chain binding protein, would permit secretion of 
heavy chains without associated light chains. Domain 
deletions can be selected to influence any of the bio- 
logic properties of immunoglobulin. 

When the constant— region of a heavy chain is 
modified by a substitution, the substitution involves 
substantially all of the amino acids of at least one of 
the domains of C L , C H 1, hinge, C R 2 or C H 3, or in the 
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case of IgM and IgE, the C H 4 domain. The domain can be 
substituted for with a constant region domain from an 
antibody of another isotype or class. Additionally, 
the light chain constant domain can be substituted for 
5 heavy region domains, including joining the heavy chain 
variable region (V H ) to the light chain constant region 
(C L ). Usually, but not necessarily, a domain will be 
•substituted for by the corresponding domain of an 
antibody of another isotype or class. That is, for 
10 example, a Cgl domain will usually be exchanged for 
another C H 1 domain. 

In addition to exchanging domains in order to 
produce antibodies having currently predictable proper- 
ties, molecules with unique combinations of biological 
15 functions not now known can be prepared as greater in- 
sight is gained into the contribution of each domain to 
biologic activity. For example, it should be possible 
to combine the ability of IgG 3 to bind Pc receptors on 
mononuclear cells with the longer serum half-life of 
20 IgG 2 if these properties are associated with different 
domains. The reduced ability of IgG 4 to activate com- 
plement may be combined with the ability of IgGj to 
bind with high affinty to Pc receptors. By combining 
domains from IgA and IgG, it may be possible to produce 
25 IgG molecules that can interact with a secretory piece 
and so be less susceptible to proteolysis in the gut. 

The constant region can also be domain-modi- 
fied by the insertion of substantially all of the amino 
acids of at least one of the domains of the constant 
30 region, C L , C H 1, C H 2, C H 3 or C H 4. In some cases the 

insertion provides a duplicate of at least one constant 
region domain already present to provide a constant re- 
gion having one or more of the domains present as mul- 
tiple copies. Additionally, the inserted domain can be 
35 from an antibody of a different isotype or class or 

from another chain. -Osuafltly the insertion will main- 
tain the domains in their natural order. That is, for 
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xample, all hinge domains present will be between the 
C H 1 and C H 2 domain regions. Alternatively, when two or 
more adjacent domains are inserted r the natural order 
may be maintained within the inserted group. That is, 
a second copy of the C H 1 and hinge domains may follow 
the first hinge domain. Domain duplication can also be 
. used to enhance desired functions. For example, carbo- 
hydrate is contained in the C H 2 domain of IgG; carbohy- 
drate has been used for attaching radioactive labels to 
Ig. By duplicating C H 2, more carbohydrate will be 
present and potentially available for use in labeling 
techniques. 

The substituted or inserted domain can be from 
the same host animal source as the constant region or 
from a different source. The different source may be 
from the same or a different species. The substituted 
or inserted domain can also be a naturally occuring or 
a genetically modified domain. Genetic modifications 
contemplated include the addition of amino acids facil- 
itating covalent linking of drugs or radioisotopes, 
such as by including cysteines or lysines in the do- 
main, usually as a substitution for an amino acid pres- 
ent in the domain as obtained from natural sources. 
Another anticipated genetic modification would be addi- 
tion or deletion of carbohydrate, which could be accom- 
plished by substitution of amino acids to provide addi- 
tional amino acids or delete amino acids that serve as 
points of attachment for carbohydrates. 

A number of exemplary domain-modified constant 
region antibodies which have been produced are listed 
in Table 2 in the experimental section. In addition to 
those listed, a series of y 3 proteins with 0, 1, -2, 3, 
4, and 7 hinge exons have been produced. Proteins in 
which V H has been joinetf Ss^ L and C L to V H . have also 
been produced. These proteins bound antigen and were 
secreted. 
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Antibodies of the invention are generally pro- 
duced in microorganisms or cell lines using an expres- 
sion vector system comprising transcriptional and 
translational regulatory sequences and a gene capable 
5 of producing a domain-modified constant region under 
the control of the regulatory sequences. Suitable ex- 
pression systems are well known and do not constitute a 
• part of this invention. Vectors used for transfection 
of Ig genes are described in Bio Techniques 4:214-221. 

10 These vectors provide one feasible delivery system; 
delivery by alternative vectors would also be within 
the scope of the present invention. 

The general expression vector systems employed 
to produce the antibodies of the present invention can 

15 be varied in order to provide a number of convenient 

properties. First , the H and L chains can be on separ- 
ate plasmids. Although both genes may be on the same 
plasmid and there is no inherent size limitation/ it is 
more convenient to genetically manipulate smaller plas- 

20 mids due to the number of novel restriction sites 
available. Second, unique sites can be introduced 
within the vectors using linkers to facilitate trans- 
ferring variable regions between plasmids. This is 
more easily accomplished in smaller plasmids. Third, 

25 once a variable region has been cloned into one expres- 
sion vector, it is simpler to express it associated 
with different constant regions in a small plasmid than 
to require two changes in the same large plasmid prior 
to expression. 

30 The gene segments encoding the individual an- 

tibody domains are typically joined by linking groups. 
These linking groups can be natural introns or can be 
introns that have been modified by artificial manipula- 
tion. The intron/exon nature of the antibody gene can 

35 be used to facilitate preparation of domain-modified 
constant regions of the invention. The domain struc- 
ture of antibody molecules is reflected in the struc- 
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ture of the genes which encode it, with each domain 
being encoded by a separate exon.- The intervening DNA 
sequences (introns) separating each domain provided 
ideal sites for manipulating the antibody gene. Since 
the intervening sequences are removed by RNA splicing 
and are not found in the mature mRNA, alterations with- 
in the intervening sequence do not affect the structure 
of the mature protein molecule. 

In addition, the RNA splice junctions between 
variable and constant region exons in both heavy and 
light chain genes can be used to advantage in the pres- 
ent invention since these junctions are conserved, even 
between species. The amino acid at the domain boundary 
is always formed by two nucleotides from the 5' domain 
and one nucleotide from the 3' domain. Thus by ligat- 
ing gene segments within the intervening DNA sequences, 
it is possible to make chimeric molecules within and 
between chains as well as across species. 

The general strategy typically used for making 
chimeric molecules of the invention is to create clon- 
ing cassettes (see Figure 1) containing at least the 
domains to be manipulated. A similar technique has 
been used in the prior art for preparing chimeric mouse 
variable/human constant region heavy chains. When the 
vectors for creating chimeric mouse variable/human con- 
stant region heavy chains are constructed, for example, 
a Sai l site can be introduced into the intervening se- 
quence using DNA oligonucleotide linkers. This renders 
the human constant region gene segments into Sall-BamHI 
fragments and facilitates the insertion of different 
constant regions next to the variable region gene seg- 
ments. Once a variable region prepared in this fashion 
is cloned, the variable region can be placed next to 
different constant regions in new cassettes. 

It has now been determined that a similar ap- 
proach can be used to create domain cassettes for use 
in preparing domain-modified antibody chains (see Fig- 
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ure 2). Using oligonucleotide linkers, unique restric- 
tion sites can be introduced into one or more of the 
intervening sequences separating the exons that encode 
. the domains of the constant-region IgG heavy-chain 
genes. Examples of restriction sites are set forth in 
the Figures, Once these linkers are in place, it is 
possible to exchange, insert, or delete exons and hence 
immunoglobulin domains (see Figure 3). The new vectors 
produced by exchange, insertion, or deletion can then 
be used to produce immunoglobulin molecules having al- 
tered structures which enhance the desired functional 
property. 

Specific techniques are described in the exam- 
ples that follow. Furthermore, now that the present 
invention has demonstrated that restriction sites can 
be introduced into the intervening sequences separating 
the exons that encode the domains, as well a between 
constant and variable regions, the techniques described 
in various scientific publications relating to the pro- 
duction of chimeric antibody molecules with antigen- 
binding domains and constant region domains from dif- 
ferent mammalian sources can be applied to the exchange, 
insertions, and deletion of domains within the constant 
region using the guidance provided in this specifica- 
tion. A number of relevant publications are set forth 
above in the section entitled Relevant Literature. 

The above strategy is also effective for pro- 
ducing internal deletions within the Ig molecule. 
Slightly different approaches can be used to create 
deletions at either the amino or carboxy terminus of 
the molecule. 

There are two ways to make a carboxy terminal 
deletion. The first is to insert a non-sense codon by 
site-directed mutagenesis. Using this approach chains 
terminating at any residue can be created. As an al- 
ternative approach, a cassette can be produced and 
placed 3* of an exon to cause termination after that 
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exon. As starting material/ the gene encoding , for 
example, C H 2b-C H 3 of mouse y 2 b ca ? be use <** This gene 
contains convenient restriction sites. First, most of 
C H 3 is deleted. Then a termination codon in all three 
reading frames is inserted at the 5 1 end of the C R 2 do- 
main. A unique linker can be inserted into the IVS 5 f 
of C H 2. This cassette can then be placed 3* of any 
exon. The preceding exon can be spliced to C H 2 of y 2b ; 
the resulting message contains a termination codon at 
this point. 

Several approaches to making amino terminal 
deletions are possible, and two such approaches are 
illustrated in Figure 5. In Figure 5A the 5' region of 
the Ig gene with its promoter and leader are joined to 
the exons to be expressed. The leader is spliced in 
reading frame to the exon 3' of it f producing a mRNA 
with appropriate start sites and encoding a protein. 
The leader sequence may or may not be cleaved from the 
completed protein. In Figure 5B the promoter regions 
and other regions necessary for Ig transcription (indi- 
cated by cross-hatched box) are joined directly to the 
exon. If a translation start site (AUG) is not avail- 
able, it can be provided by in vitro mutagenesis. The 
position of the translation start site will determine 
the size and structure of the protein product. 

The invention also contemplates DNA constructs 
for producing a domain-modified constant region. The 
constructs comprise DNA sequences encoding polypeptide 
segments substantially the same as each of the constant 
region domains joined through a linking group in read- 
ing frame at its 5 1 end to the 3' end of the sequence 
encoding the previous domain. The constructs will usu- 
ally additionally include a sequence encoding the vari- 
able region, joined through a linking group at its 3' 
end to the 5' end of the sequence encoding the first 
constant region domain. When the construct encodes the 
heavy chain it will include sequences encoding the C R 1, 
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hinge , Cg2, C H 3 and optionally the C H 4 domains* Simi- 
larly, the construct will contain sequences encoding 
the C L domain when the construct encodes the light 
chain. The constructs can be synthesized in segments 
5 that are spliced together and cloned/ or by any other 
technique of biotechnology. 

When the domain modification is a substitution, 
the linking group preceding and following the gene seg- 
ment (s) encoding the domain(s) to be exchanged will 

10 usually comprise a unique restriction site. The same 
restriction site then will be present in the linking 
groups surrounding the sequence encoding the domain(s) 
of another antibody which is to be exchanged. To fa- 
cilitate duplications or internal deletions, the same 

15 first unique restriction site is present in the linking 
group which precedes the sequence encoding the domain 
which is at the amino terminal end of the sequence en- 
coding the domain to be duplicated or deleted. A sec- 
ond unique restriction is present in the linking group 

20 preceding the sequence encoding the domain(s) to be 

duplicated/deleted in the gene encoding one chain and 
in the linking group following the sequence encoding 
the domain(s) in the gene encoding a second identical 
chain. In this way, following exchange, the domain(s) 

25 is present in two copies (duplicated) in the gene en- 
coding one chain and absent (deleted) in the gene en- 
coding the second chain. When the domain modification 
is a carboxy-terminal deletion, the linking group fol- 
lowing the domain which will comprise the C-terminus 

30 will contain either a non-sense codon or a termination 
codon. 

Cells producing antibodies of the present in- 
vention are also provided. The cells contain DNA con- 
structs for expression of a domain-modified constant 
35 region antibody heavy chain described previously. The 
cells also contain a DNA sequence encoding a light 
chain region, usually in a separate DNA construct. The 
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production of cells producing chimeric antibodies (e.g., 
transfectomas) is well known and described in detail in 
articles cited in Relevant Literature. 

In addition to complete antibodies, antibody 
fragments containing domain-modified constant regions 
also are a part of the. present invention. For example, 
half antibodies prepared from single light and single 
heavy chains that have assembled to form a specific 
binding site can be used as monovalent binding proteins. 
In addition, non-assembled domain-modified constant re- 
gions can be used as antigens for generating specific 
polyclonal or monoclonal antibodies. Production of 
particular antibody specificity can be eliminated or 
enhanced by deletions or insertions, respectively. Use 
of a domain-modified antibody having exchanged domains 
can produce polyclonal antibodies having a unique mix- 
ture of specificities in high yield. 

The term "antibody" as used in this applica- 
tion, refers to both whole antibodies and fragments 
thereof. Whole antibodies contain two light and two 
heavy chains assembled into the natural Y-shape config- 
uration. Antibody fragments include half antibodies 
formed from single light and heavy chains that have as- 
sembled to produce a specific binding site as well as 
fragments of either whole or half antibodies prepared 
by cleavage with enzymes, such as papain. 

The following examples are offered by way of 
illustration and not by way of limitation. 

EXPERIMENTAL 
Example 1 

Human y 3 antibody has an extended hinge region 
consisting of four exons. Human Y4- exhibits quite dif- 
ferent properties in spite of extensive sequence simi- 
larities (>90% identical residues in C H 2 and C H 3J in 
their constant regions. IgG 3 - genes have been construc- 
ted and expressed. The proteins isolated have one, two, 
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three , or four (wild-type) hinge exons. A change in 
molecular weight of the heavy chains with the subse- 
quent hinge deletions was noted. ~In addition the Y3 
hinge has been placed in the y 4 constant region and 
5 vice versa . Exchanging the hinge region from IgG 3 and 
IgG 4 did not alter the ability of these molecules to 
fix complement and to bind to the Pc receptor. 

Example 2 

10 In order to maximize the usefulness of geneti- 

cally engineered antibodies for such applications as 
drug delivery, it is useful to make alterations in the 
antibody. The limitations are that the antibodies must 
be assembled and secreted and must retain their ability 

15 to specifically bind antigen. 

To determine if there is an upper limit on the 
size of an antibody molecule which could be produced, 
an IgG 3 heavy chain in which Cgl and the hinge region 
were duplicated was constructed. In a second construct, 

20 C H 1, hinge and C H 2 were duplicated. When the gene with 
C H 1 and the hinge duplicated was used for transfection 
a grealy reduced transfection frequency was seen. When 
the surviving transf ectants were analyzed, none produced 
any detectable heavy chain protein. These results sug- 

25 gest that the heavy chain encoded by this construct was 
toxic to the cells. 

In constrast, the gene encoding a heavy chain 
in which Cgl, hinge, and Cg2 were duplicated was ex- 
pressed following transfection. The chain assembled 

30 with a mouse x light chain and was secreted. These 

studies suggest that while there will be limitations as 
to specific Ig molecules which can be produced, these 
limitations are not inherently size related. 
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Example 3 

In a related series of studies , deletions of 
various domains that affect the ability of Ig molecules 
to assemble, to be secreted, and to function were made. 
5 IgG 3 heavy chain genes encoding proteins with deletions of 

C H 2; 

hinge + C H 2; 
C H 1 + hinge; and 
C H 1 + hinge + C H 2 
10 were constructed and transfected into myeloma cells. 

Chimeric heavy chains in which a domain(s) has 
been deleted were synthesized. J558L was transfected 
with the chimeric heavy chain gene and transf ectants 
synthesizing protein were isolated. Transf ectants were 
15 labeled for 3 hours using 35 S-methionine. Cytoplasmic 
and secreted Ig were prepared by immunoprecipitating 
with anti-heavy chain. The immunoprecipitates were an- 
alyzed by SDS-PAGE. 

When the gene with the deletion of C H 2 was 
used, it was found to direct the synthesis of a protein 
of the expected molecular weight. This shortened heavy 
chain assembled with either mouse \ light chain or chi- 
meric V-DNS-human ic light chain into an H 2 L 2 molecule 
which was secreted. 
25 When the hinge + C H 2 were deleted, the heavy 

chain apparently assembled into HL half molecules which 
were secreted. However, it is impossible to say con- 
clusively that these are not H 2 . 

When C H 1 + the hinge were deleted, no assembly 
of the heavy chain with either other heavy chains or 
with L chain occurred. This is riot surprising since 
the free cysteine which forms the interchain disulfide 
bonds is present in C H 1. However, even in the absence 
of interchain disulfide bonds, the shortened heavy 
35 chain is secreted. 
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A heavy chain in which the variable region is 
directly joined to C H 3 was also produced. This heavy 
chain was secreted when cotransf ected with a chimeric 
light chain into a non-producing myeloma. It did not 
5 form covalent bonds with either light chain or another 
heavy chain. 

Example 4 

Table 2 illustrates a number of domain-modi- 
10 fied constant region antibodies which have been pro- 
duced . 

Table 2 

Domain Exchange Proteins Which Have Been Produced 

15 



25 



Vector 
Number 


c H i 


Hinge 


C H 2 


C E 3 


1658 


Y2 


*3 


Y3 


^3 


1647 


*3 


*2 


Y2 


Y2 


1654 


Y3 


*3 


*2 


Y2 


1656 


*2 


Y2 


Y2 


Y3 


1657 


*3 


*3 


*3 


^2 


1673 


Yl 




*4 


Y4 


1672 


*4 


Yl 


Yl 


Yl 


1227 


*3 


Y4 


Y4 


Y4 


1228 


Y4 


^3 


Y3 


Y3 



Production of proteins prepared from the vec- 
30 tors set forth in Table 2 and analysis of their func- 
tions has begun. For example, vector 1654 produces a 
protein that has been analyzed for its Fc receptor 
binding activity and, like IgG 2 , does not bind to the 
Fc receptor of human monocyte cell lines. 
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All publications and patent applications men- 
tioned in this specification are indicative of the 
level of skill of those skilled in the art to which 
this invention pertains. All publications and patent 
5 applications are herein incorporated by reference to 
the same extent as if each individual publication or 
patent application was specifically and individually 
indicated to be incorporated by reference. 

The invention now. being fully described, it 
10 will be apparent to one of ordinary skill in the art 

that many changes and modifications can be made thereto 
without departing from the spirit or scope of the 
appended claims. 
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WHAT IS CLAIMED IS : 

1. An antibody chain having at least one binding 
site region and a domain-modified constant region. 

5 

2. An antibody chain of Claim 1, wherein said 
binding site region and said domain-modified constant 
region are from the same mammalian source. 

10 3. An antibody chain of Claim 1, wherein said 

binding site region is from a first mammalian source 
and said domain-modified constant region is from a 
second mammalian source. 

15 4. An antibody chain of Claim 3, wherein said 

first mammalian source is of the same species as said 
second mammalian source. 

5. An antibody chain of Claim 3, wherein said 
20 first mammalian source is of a different species from 

said second mammalian source. 

6. An antibody chain of Claim l f wherein said 
domain-modified constant region contains a deletion of 

25 substantially all of the amino acids of at least one of 
the domains of Cgl, hinge/ C H 2, C H 3, or C H 4 and the 
remaining amino acids of said domain-modified constant 
region have substantially the same amino acid sequence 
as that of at least one domain of a constant region of 

30 a mammalian antibody. 



7. An antibody chain of Claim 6, wherein said 
deletion comprises substantially all of the amino acids 
of at least two domains. 
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8. An antibody chain of Claim 7, wherein said 
domains are non-adjacent. 

9. An antibody chain of Claim 1, wherein said 

5 domain-modified constant region has substantially the 
same amino acid sequence as that of a constant region 
of a mammalian antibody with the proviso that sub- 
stantially all of the amino acids of at least one of 
the domains C L , C fi l, hinge , C H 2, C H 3, or C H 4 are 
10 substituted by substantially all of the amino acids of 
at least one of said domains from a different mammalian 
antibody chain. 

10. An antibody chain of Claim 9, wherein said 

15 domain-modified constant region is a substitution of a 
corresponding domain of an antibody of another isotype, 
or class. 

11. An antibody chain of Claim 9, wherein said 

20 substituted domain is from the same host animal source 
as said constant region. 

12. An antibody chain of Claim 9 r wherein the 
source of said substituted domain is from a different 

25 species than the source of said constant region* 

13. An antibody chain of Claim 1, wherein said 
domain-modified constant region has the same amio acid 
sequence as that of a constant region of a mammalian 

30 antibody and further comprises an insertion of 

substantially all of the amino acids of at least one of 
the domains of C L , C H 1, hinge, C H 2, C H 3 and C H 4. 

14; An antibody chain of Claim 13 , wherein said 
35 insertion is of at least two domains,. 
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15. The antibody chain of Claim 13/ wherein said 
insertion is the duplication of at least one domain of 
said constant region, 

5 16. A DNA construct/ comprising a DNA sequence 

encoding an antibody of Claim 1. 

17. A DNA construct for producing a domain- 
modified constant region of an antibody heavy chain 

10 comprising: 

(a) a first DNA sequence coding for a polypep- 
tide substantially the same as the C H 1 region of an 
antibody heavy chain; 

(b) a second DNA sequence joined through a 

15 linking group in reading frame at its 5' end to the 3' 
end of said first DNA sequence/ said second sequence 
coding for a polypeptide substantially the same as the 
hinge region of an antibody heavy chain; 

(c) a third DNA sequence joined through a 

20 linking group in reading frame at its 5 1 end to the 3' 
end of said second DNA sequence, said third sequence 
coding for a polypeptide substantially the same as the 
C H 2 region of an antibody heavy chain; and 

(d) a fourth DNA sequence joined through a 

25 linking group in reading frame at its 5' end to the 3/ 
end of said third DNA sequence, said fourth sequence 
coding for a polypeptide substantially the same as the 
C H 3 region of an antibody heavy chain; 

wherein at least one of said linking groups 

30 contains a restriction site unique to said construct. 

18. The DNA construct of Claim 17/ wherein two of 
said linking groups comprise unique restriction sites. 

35 19. The DNA construct of Claim 17, additionally 

comprising a fifth DNA sequence joined through a 
linking group at its 5' end to the 3' end of said 
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fourth sequence coding for a polypeptide substantially 
the same as the C H 4 region of an antibody heavy chain. 

20. The DNA construct of Claim 17, wherein said 
5 linking group joining the sequence encoding the 

C-terminal domain of the antibody heavy chain to the 
preceding sequence comprises a termination codon or a 
non-sense codon. 

10 21. A DNA construct for expression of a domain- 

modified constant region antibody heavy chain 
comprising: 

(a) a first DNA sequence coding for a poly- 
peptide substantially the same as the variable region 

15 of an antibody heavy chain; 

(b) a second DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3* 
end of said first DNA sequence, said second sequence 
coding for a polypeptide substantially the same as the 
C H 1, region of an antibody heavy chain; 

(c) a third DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3* 
end of said first DNA sequence, said third sequence 
coding for a polypeptide substantially the same as the 

25 hinge region of an antibody heavy chain; 

(d) a fourth DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3' 
end of said third DNA sequence, said fourth sequence 
coding for a polypeptide substantially the same as the 

30 C H 2 region of an antibody heavy chain; and 

(e) a fifth DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3' 
end of said fourth DNA sequence, said fifth sequence 
coding for a polypeptide substantially the same as the 

35 C H 3 region of an aakibody heavy chain; 

wherein said construct encodes a domain-modi- 
fied antibody chain. 
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22. A DNA construct for expression of a domain- 
modified constant region antibody light chain 
comprising: 

5 (a) a first DNA sequence coding for a poly- 

peptide substantially the same as the variable region 
of an antibody light chain; and 

(b) a second DNA sequence joined through a 
linking group in reading frame at its 5' end to the 3* 
10 end of said first DNA sequence, said second sequence 
coding for a polypeptide substantially the same as the 
C H 1 region of an antibody heavy chain. 

23. A cell which contains a DNA construct of Claim 
15 21 for expression of a domain-modified constant region 

antibody heavy chain. 

24. A cell according to Claim 23 additionally 
comprising a DNA sequence encoding an antibody light 

20 chain. 

25. A method for producing a domain-modified 
constant region antibody which comprises: 

(a) growing cells according to Claim 24 in a 
25 nutrient medium, whereby said DNA constructs are 

expressed and said heavy and light chains are intra- 
cellular^ bound together to form an antibody; and 

(b) isolating said antibody. 

30 
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